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HDL-cholesterolJaboticaba (Myrciaria spp.) is a Brazilian fruit with high concentrations of anthocyanins in the peel which
have shown antioxidant effects and possible beneﬁts on obesity and insulin resistance. The objective of
this study was to evaluate the effect of freeze-dried jaboticaba peel (FJP) added to high-fat diet on the de-
velopment of obesity and insulin resistance. Sprague–Dawley rats were fed control diet, high-fat diet (HF)
and HF diets added with 1, 2 and 4% of FJP. Energy intake, weight gain, body composition, serum glucose,
and lipid and hormonal proﬁles were determined. Glucose tolerance, insulin tolerance and HOMA-IR
index were determined. The consumption of 1, 2 and 4% FJP reduced serum insulin (47, 57 and 52%, respec-
tively) and HOMA-IR (40, 54 and 48%, respectively). In addition, 2% FJP showed to increase HDL-cholesterol
levels by 41.65% compared to HF control. Other parameters showed no signiﬁcant changes. In conclusion,
the consumption of FJP showed to increase HDL-cholesterol and improve insulin resistance in experimental
animals.
2012 Elsevier Ltd. Open access under the Elsevier OA license.©1. Introduction
Jaboticaba is a typical fruit of the Brazilian Cerrado, occurringmainly
in the southeastern part of Brazil. Myrciaria caulifolia (Vell) Berg and
M. caulifolia (DC) Berg are more suitable for “in natura” consumption
as well as for industrial applications. The fruit's diameter is about 3–
4 cm; it has one to four seeds inside, and the peel is very purple. The
pulp is white and sweet. Normally, the peel is not consumed. This
fruit is present in the Brazilian diet and has great nutritional and eco-
nomic potential, but it is not yet industrialized. It is produced and
used in the manufacture of handicraft products such as jellies and
sweets that are available in free markets, but production is small-scale
(Clerici & Carvalho-Silva, 2011; Leite et al., 2011).
The jaboticaba peel has interesting nutritional properties. It is a
good source of minerals, soluble and insoluble ﬁbers and, especially,
anthocyanins (Dugo, Mondello, Errante, Zappia, & Dugo, 2001; Lima,T, Glucose tolerance test; ITT,
sessment of insulin resistance;
freeze-dried jaboticaba peel;
aba peel; HFJ4%, High-fat diet
rition, 80, RuaMonteiro Lobato,
9 3521 4059; fax:+55193521
. Lenquiste).
evier OA license.Duarte, Carvalho, Patto, & Dantas-Barros, 2008). Jaboticaba is known
as the Brazilian berry, due to the high concentrations of anthocyanins,
like cyanidin-3-O-glucoside and delphinidin-3-O-glucoside found in
its peel (Kalt et al., 2008).
The freeze-dried jaboticaba peel (FJP) was used recently in a study
done by Leite et al. (2011). They described that cyanidin-3-O-glucoside
(C3G) and delphinidin-3-O-glucoside (D3G) are the major anthocyanins
found in jaboticaba peel. The authors reported that the consumption of ja-
boticaba peel increases the antioxidant capacity of rat's plasma by ORAC
(oxygen radical absorbance capacity) assay.
Anthocyanins are phenolic compounds present inmany fruits, leaves
and ﬂowers, being responsible for their red, blue and violet colors. An-
thocyanins are known for their antioxidant, anti-inﬂammatory and anti-
cancer activities, as well as their ability to prevent cardiovascular and
neurodegenerative diseases (Brito et al., 2007; Tsuda, Horio, Uchida,
Aoki, & Osawa, 2003). Beyond the antioxidant effect, the consumption
of foods rich in anthocyanins (such as blueberries, strawberries, black
soybeans, purple corn and cherries) and puriﬁed anthocyanins has
been associated to reduction of weight gain, regulation of hormones re-
lated to obesity and improvement of glucose and insulin resistance in
animalmodels (DeFuria et al., 2009; Lima et al., 2008; Prior et al., 2010a).
Despite the fact that the chemical characteristics of jaboticaba peel
show possible health applications, studies about its beneﬁts are scarce.
Furthermore, there are no reports that evaluated its effects on the devel-
opment of obesity and its complications. Thus, our study is innovative
and aims to evaluate the role of freeze-dried jaboticaba peel on obesity,
Table 1
Proximate composition of the freeze-dried jaboticaba peel.
Components (g %) Mean±SDa
Moisture 15.33±0.19
Proteinb 4.89±0.10
Lipids 1.72±0.02
Ash 3.52±0.02
Insoluble ﬁber 20.00±2.00
Soluble ﬁber 5.00±0.50
Carbohydrates 49.46
Energy valuec 2.32
a Analyses of the moisture, protein, lipids and ashes were performed in triplicate,
and the results were expressed in mean±SD.
b Conversion factor used to calculate protein: N=6.25.
c In kcal/g of the peel.
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mals fed high-fat diet.
2. Materials and methods
2.1. Preparation of freeze-dried jaboticaba peel
Jaboticaba fruits (Myrciaria jaboticaba (Vell.) Berg.) were bought at a
localmarket in Campinas, São Paulo State, Brazil. The fruitswerewashed,
manually peeled and frozen at −18 °C. The peels were dried in a
freeze-dryer (LP1010, Liobras, São Carlos, São Paulo, Brazil) at 30 °C,
300 μm Hg for 95 h, and the freeze-dried product (JP powder) was
stored at−80 °C.
2.2. Determination of chemical composition and quantiﬁcation of
anthocyanins in freeze-dried jaboticaba peel
Analyses of moisture, total protein and ash were performed
according to methods described by the Association of Ofﬁcial Analytical
Chemists (1995). The total lipids were determined according to the
Bligh and Dyer (1959) method and the determination of soluble andTable 2
Composition of modiﬁed AIN-93G diets fed to rats.
Ingredients Control
(g/kg)
HFa
(g/kg)
HFJ1%a,b
(g/kg)
HFJ2%a,b
(g/kg)
HFJ4%a,b
(g/kg)
Casein (78% prot.) 153.85 153.85 153.85 153.85 153.85
Corn starch 426.63 249.82 249.82 249.82 249.82
Maltodextrin 141.68 82.91 82.91 82.91 82.91
Sucrose 107.33 62.92 62.92 62.92 62.92
Soybean oil 70.00 40.00 40.00 40.00 40.00
Cellulose 50.00 50.00 47.50 45.00 40.00
Mineral mix 35.00 35.00 35.00 35.00 35.00
Vitamin mix 10.00 10.00 10.00 10.00 10.00
L-Cystine 3.00 3.00 3.00 3.00 3.00
Choline bitartarate 2.50 2.50 2.50 2.50 2.50
tert-Butyl hydroquinone 0.014 0.014 0.014 0.014 0.014
Lard – 310.00 310.00 310.00 310.00
Freeze-dried jaboticaba peel – – 10.00 20.00 40.00
Total 1000 1000 1007.54 1015.01 1030.01
Anthocyanins (mg/kg dietc)
Cyanidin-3-O-glucoside
(C3G)d
– – 196.4 392.8 785.6
Delphinidin-3-O-glucoside
(D3G)d
– – 63.5 127 254
Total – – 259.9 519.8 1039.6
Energy value (kcal/g)e 4.252 5.834 5.809 5.772 5.784
a HF, HFJ1%, HFJ2% and HFJ4% diets were added with 31% of lard and, consequently,
starch, sucrose and maltodextrin contents were reduced.
b HFJ1%, HFJ2% and HFJ4% diets were added with 1, 2 and 4% of freeze-dried jaboticaba
peel.
c The anthocyanin concentration in freeze-dried jaboticaba peelwas previously analyzed
by HPLC by Leite et al. (2011).
d The C3G and D3G concentrations were calculated from its concentration in FJP.
e Caloric value expressed in kcal/g diet, determined by calorimetry.insoluble ﬁbers was performed according to Asp, Johansson, Hallmer,
and Siljeström (1983). The concentration of carbohydratewas calculated
as the difference between 100 and the percentage total of the content of
protein, fat, moisture and ash, according to the following equation:
Carbohydrateð%Þ ¼ 100− proteinþ fatþmoistureþ ashð Þ: ð1Þ
The completemethods and results of the identiﬁcation and quantiﬁ-
cation of total and individual anthocyanins were previously described
in Leite et al. (2011). Brieﬂy, the anthocyanins present in freeze-dried
jaboticaba peel were extracted with 15 mL of methanol/water/acetic
acid (methanol/H2O/acetic acid) at 4550 ×g for 10 min. The extract
wasﬁlteredwithmembrane (Millipore 0.22 mm) and the anthocyanins
were analyzed byHPLCusing a liquid chromatographwith a diode array
detector equipped with a C18 column. The compounds were identiﬁed
by comparison of the retention times with speciﬁc patterns and by
HPLC–MS/MS. Concentrationswere determined according to a standard
calibration curve of each of the anthocyanins.
The anthocyanins' concentrations of the freeze-dried jaboticaba peel
used in this experiment were previously determined by Leite et al.
(2011). The major anthocyanins present in the FJP were cyanidin-
3-O-glucoside and delphinidin-3-O-glucoside. The total anthocyanin
content in freeze-dried jaboticaba peel was 2599.3 mg 100 g−1
(1964 mg 100 g−1 of cyanidin-3-O-glucoside and 635.3 mg 100 g−1
of delphinidin-3-O-glucoside).Fig. 1. Cumulative feed intake (A) and energy consumption after 10 experimental weeks
(B). Control: group fed with control diet; HF: group fed with high-fat diet; HFJ1%: group
fed with HF diet added with 1% FJP; HFJ2%: group fed with HF diet added with 2% FJP;
HFJ4%: group fedwithHFdiet addedwith 4% FJP. Bars representmean±SE. Datawere sta-
tistically analyzed using ANOVA and Tukey's test (Pb0.05). # indicates statistical differ-
ence from the control group.
Table 3
Body composition of the rats, after 10 experimental weeks.
Composition (%) Control1 HF1 HFJ1%1 HFJ2%1 HFJ4%1
Protein2 60.4±1.5a 58.9±1.3a 60.0±1.4a 57.5±0.9a 60.2±1.4a
Lipids 25.4±1.7a 28.7±1.5a 26.9±2.0a 29.2±1.0a 28.0±1.2a
Moisture 5.4±0.3a 4.6±0.5a 5.3±0.5a 4.9±0.5a 4.6±1.2a
Ash 12.8±0.5a 10.8±0.4b 11.0±0.2b 11.2±0.6b 10.7±0.5b
Body composition after carcass freeze-drying. 1Control: group fed with control diet;
HF: group fed with high-fat diet; HFJ1%: group fed with HF diet added with 1% FJP;
HFJ2%: group fed with HF diet added with 2% FJP; HFJ4%: group fed with HF diet
added with 4% FJP. 2Conversion factor used to calculate protein: N=6.25. Data are
presented as mean±SE. Data were statistically analyzed using one-way ANOVA. Statis-
tical differences (Tukey's test (Pb0.05)) among groups are represented by different
letters.
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Thirty-ﬁve recently weaned Sprague–Dawley rats, male, weighing
58±18.77 g, were obtained from the Multidisciplinary Center for Bio-
logical Research at UNICAMP (CEMIB). This experiment was approved
by the Ethics Committee on Animal Use (CEUA/UNICAMP), protocol
number 2226‐1, and followed all the ethical requirements of the Brazil-
ian College of Animal Experimentation (COBEA). The animals were ran-
domly distributed into ﬁve groups (n=7) and remained at individual
cages with feed and water ad libitum, with temperature and moisture
controlled, with a range of 22±1 °C and 60–70% respectively, and a
light/dark cycle of 12 h, throughout the experimental period.
Two control diets were given during the experiment: a normolipidic
control diet, prepared in accordance with the American Institute of Nu-
trition (Reeves, Nielsen, & Fahey, 1993) AIN-93G, with a protein concen-
tration of 12% (Goena et al., 1989) and a high-fat control diet, AIN‐
93G-modiﬁed with 12% (g g−1) protein, 35% (g g−1) fat, 4% (g g−1)
vegetable oil (soybean) and 31% (g/g) of animal origin (swine fat)
(Cintra, 2008). Beyond the control diets, three experimental diets were
given: high-fat diet added with freeze-dried jaboticaba peel (FJP) in
three different concentrations (1, 2 and 4%w w−1). Adjustments were
done in order to get diets with same contents of ﬁbers and same caloric
value. The control group received a normolipidic control diet and group
HF a high-fat control diet throughout the experiment; groups HFJ1%,
HFJ2% and HFJ4% received high-fat control diet during the ﬁrst 4 weeks
and the same HF diets added with FJP until the end of the experiment.Fig. 2. Cumulative weight gain along 10 experimental weeks (A) and body weight gain
after 10 experimental weeks (B). Control: group fedwith control diet; HF: group fedwith
high-fat diet; HFJ1%: group fed with HF diet added with 1% FJP; HFJ2%: group fed with HF
diet added with 2% FJP; HFJ4%: group fed with HF diet added with 4% FJP. Bars represent
mean±SE. Data were statistically analyzed using ANOVA and Tukey's test (Pb0.05). * in-
dicates statistical difference from the HF group and # indicates statistical difference from
the control group.Diet consumption was monitored every 2 days and weight gain once a
week.
Moisture, ash, protein, total lipids and carbohydrates were deter-
mined according to Section 2.2. The diets' energy value was deter-
mined using an isoperibol automatic calorimeter (PARR 1261) with
an oxygen pump (PARR 1108).
After 10 experimental weeks, the animals were decapitated after
12 h fasting. Blood was collected in tubes with and without anticoagu-
lant EDTA to obtain plasma and serum, respectively. After exsanguina-
tion, the organs were removed, cleaned with saline and weighed,
and the liver was frozen in liquid nitrogen and stored in a freezer at
−80 °C for further analysis. The carcasses of the animalswereweighed,
packaged and frozen at−20 °C.
2.4. Evaluation of body composition
The assessment of body composition was performed according to
Park et al. (1997). The carcasses were frozen, sliced, dried, crushed
and stored at −80 °C until analysis. The carcasses' composition was
determined by methods described in Section 2.2.
2.5. Determination of serum hormones
The enzyme-linked immunosorbent assay (ELISA)methodwas used
to determine serum levels of insulin, leptin, ghrelin and adiponectin
using commercial kits from Millipore®.
2.6. Analysis of serum lipid proﬁle and glucose levels of animals
Serum levels of total cholesterol, HDL-cholesterol, triglycerides and
glucose were measured, respectively, by enzymatic, direct enzymatic
and totally enzymatic methods using colorimetric commercial kits
from Laborlab®. The quantiﬁcation of free fatty acids (FFA) was per-
formed by using the enzymatic colorimetric kit HR series NEFA-HR 2,
ACS-ACOD method Wako®.
2.7. Determination of insulin resistance
Glucose tolerance and insulin sensitivity were determined before the
jaboticaba supplementation and at the end of the experimental period
using the intraperitoneal glucose tolerance test (GTT) and insulin toler-
ance test (ITT). For both tests, the animals were fasted for 12 h. For GTT,
blood glucosewas determined at t=0 through a small incision in the cau-
dal vein, followed by injection of glucose solution 25% (1.1 mmol kg−1)
in the peritoneal cavity. The blood glucose was again measured at 30,
60, 90 and 120 min in order to determine the rate of reduction of glucose
level. The results, expressed in mg dL−1, were used to calculate the area
under the curve (AUC) in the glucose versus time graph. As for the ITT,
blood glucose was measured through the caudal vein, at baseline and at
5, 10, 15, 20, 25 and 30 min after intraperitoneal administration of
0.75 MU kg−1 human rapid insulin (Cintra, 2008; Prior, 2010a). The
Table 4
Liver, kidneys, heart, pancreas, epididymal adipose tissue (EAT), mesenteric adipose tissue (MAT), retroperitoneal adipose tissue (RAT) weights and percentage of hepatic fat.
Control1 HF1 HFJ1%1 HFJ2%1 HFJ4%1
Liver (g 100 g−1) 4.03±0.23b 4.89±0.24ab 4.56±0.22ab 4.65±0.35ab 4.87±0.19a
Kidneys (g 100 g−1) 1.42±0.08a 1.24±0.07a 1.14±0.06a 1.17±0.07a 1.22±0.02a
Heart (g 100 g−1) 0.50±0.02b 0.57±0.03ab 0.55±0.02ab 0.59±0.02ab 0.60±0.01a
Pancreas (g 100 g−1) 0.45±0.02a 0.45±0.03a 0.46±0.02a 0.45±0.02a 0.46±0.03a
EAT (g 100 g−1) 1.69±0.10b 2.41±0.27a 1.92±0.15ab 2.25±0.28ab 2.33±0.13ab
MAT (g 100 g−1) 0.80±0.10b 1.17±0.15ab 1.42±0.13a 1.34±0.18ab 1.49±0.18a
RAT (g 100 g−1) 1.07±0.26b 1.89±0.25a 1.37±0.18ab 1.78±0.33a 1.79±0.20a
% hepatic fat2 18.13±1.96b 21.46±1.94a 22.05±2.54a 20.80±3.15ab 21.08±1.35ab
Weights of rat's tissues and organs after 10 experimental weeks. 1Control: group fed with control diet; HF: group fed with high-fat diet; HFJ1%: group fed with HF diet added with
1% FJP; HFJ2%: group fed with HF diet added with 2% FJP; HFJ4%: group fed with HF diet added with 4% FJP. 2Values expressed in percentage, obtained by extraction and quantiﬁ-
cation of lipids by Bligh and Dyer. Data are presented as mean±SE. Data were statistically analyzed using one-way ANOVA. Statistical differences (Tukey's test (Pb0.05)) among
groups are represented by different letters.
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constant (KITT). Themeasurement of blood glucose was performed using
blood glucose test strips with an Optium mini blood glucose monitoring
system, Abbott®, for the GTT and ITT. The homeostaticmodel assessment
(HOMA-IR) was calculated according to Matthews, Rudenski, Burnett,
Darling, and Turner (1985), with the following equation:
HOMA IR ¼ fasting glucose mmolL−1
 
 fasting insulin mUL−1
  
=22:5:ð2Þ
2.8. Statistical analysis
For data analysis, the statistical program SAS (2003) was used. The
results were submitted for analysis of variance (one-way ANOVA) and
means were compared by Tukey test with an alpha of 0.05.
3. Results
The freeze-dried jaboticaba peel is composed mainly of carbohy-
drates, including soluble and insoluble ﬁbers (Table 1).
The compositions of experimental diets, as well as its anthocyanin
concentration, are shown in Table 2.
The cumulative diet consumption did not differ signiﬁcantly among
the groups, although group HFJ4% showed a numerically higher diet in-
take compared to other groups (Fig. 1A). As expected, HF, HFJ1%, HFJ2%,
and HFJ4% groups showedmuch higher energy intakes than the control
(Fig. 1B).
Weight gain and cumulativeweight gain (Fig. 2, B andA, respectively)
clearly reﬂected the results of feed intake, with no statistical difference
between HF and HF groups added with FJP. However, groups HF, HFJ1%,
HFJ2% and HFJ4% showed higher cumulative weight gain compared to
control, demonstrating the role of high-fat diet on weight accumulation.
Thus, supplementation of high-fat diet with FJP did not prevent weight
gain caused by high-fat diet in experimental animals.Table 5
Triacylglycerols, total cholesterol, glucose and hormonal proﬁle in serum and free fatty acid
Control1 HF1
Triacylglycerols (mg dL−1) 45.53±5.20a 45.96±5.25a
Total cholesterol (mg dL−1) 80.36±4.32a 80.38±5.66a
FFA (mmol L−1) 0.72±0.036a 0.66±0.029a
Glucose (mg dL−1) 86.90±4.18b 107.31±2.51a
Adiponectin (μg mL−1) 49.29±10.75a 18.25±2.62b
Ghrelin (ng mL−1) 1.26±0.16a 0.61±0.12b
Leptin (ng mL−1) 2.29±0.49a 3.98±0.48a
Triacylglycerols, total cholesterol, glucose and hormonal proﬁle in serum and free fatty ac
control diet; HF: group fed with high-fat diet; HFJ1%: group fed with HF diet added with
diet added with 4% FJP. Data are presented as mean±SE. Data were statistically analyzed
are represented by different letters.The values obtained in the proximate analysis of carcasses (Table 3)
at the end of the experimental period corroborated the results of weight
gain. There was no statistical change in the body composition of ani-
mals, regardless of treatment received. A signiﬁcant difference was
detected for ash amount on the carcasses, as the animals that received
high-fat diets (with and without FJP) showed lower ash contents com-
pared to control group.
Table 4 shows animals' organweights after the experimental period.
The liver weight in animals from group HFJ4% was statistically (Pb0.05)
higher than the control group. Identical results were obtained for the
heart and pancreas. As for the kidneys, there was no signiﬁcant differ-
ence among the experimental groups. Theweight of epididymal,mesen-
teric and retroperitoneal adipose tissues showed similar results, with a
difference (Pb0.05) between control and HF groups. The percentage of
fat in the liver of animals was higher (Pb0.05) in groups HF and HFJ1%
and lower in the control group. Jaboticaba peel did not prevent hepatic
fat accumulation in the animals.
There were no statistical differences in the plasmatic levels of tri-
glycerides, total cholesterol and free fatty acid among the experimen-
tal groups (Table 5). As for serum glucose, there was a signiﬁcant
difference (Pb0.05) among control and the other groups (Table 5), in-
dicating that the HF diet caused increased blood glucose levels on the
experimental animals and that intake of FJP was not able to revert this
effect.
Therewere no signiﬁcant differences among the experimental groups
for leptin levels. The concentrations of adiponectin were higher in the
control group (Pb0.05) when compared to the groups that received
high-fat diet, addedwith jaboticaba or not. The serum ghrelin concentra-
tionwas lower (Pb0.05) in the HF, HFJ1% and HFJ4% groups compared to
the control. The HFJ2% showed increased ghrelin concentrations with
similar values compared to the control group (Table 5).
The consumption of FJP showed to increase HDL-plasma cholesterol
in groups HFJ2% and HFJ4% (Fig. 3). HF and HFJ1% groups showed statis-
tically lower HDL-cholesterol (Pb0.05) than the other groups. The addi-
tion of 2% FJP in the diet showed to revert HDL-cholesterol decreases (FFA) in plasma of the rats.
HFJ1%1 HFJ2%1 HFJ4%1
39.67±5.96a 42.58±6.97a 49.49±3.75a
72.48±6.04a 79.39±4.76a 69.24±2.19a
0.67±0.088a 0.73±0.050a 0.60±0.055a
114.74±6.34a 115.45±3.32a 115.43±5.22a
16.24±0.69b 14.30±0.59b 14.92±0.59b
0.56±0.14b 0.80±0.12ab 0.72±0.05b
3.48±0.45a 3.46±0.49a 3.86±0.49a
ids (FFA) in plasma of the rats after 10 experimental weeks. 1Control: group fed with
1% FJP; HFJ2%: group fed with HF diet added with 2% FJP; HFJ4%: group fed with HF
using one-way ANOVA. Statistical differences (Tukey's test (Pb0.05)) among groups
Fig. 3. HDL plasma concentrations after 10 weeks of experiment. Control: group fed with
control diet; HF: group fed with high-fat diet; HFJ1%: group fed with HF diet added with
1% FJP; HFJ2%: group fed with HF diet added with 2% FJP; HFJ4%: group fed with HF diet
added with 4% FJP. Data are presented as mean±SE. Data were statistically analyzed
using ANOVA. Statistical differences (Tukey's test (Pb0.05)) are represented by # or *. #
indicates statistical difference from the control group and * indicates statistical difference
from the HF group.
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sion of HDL-cholesterol decrease caused by high-fat diet.
Insulin resistance (IR) was measured using intraperitoneal glucose
tolerance test (GTT), insulin tolerance test (ITT) (Figs. 4 and 5), serum
insulin levels (Fig. 6A) and HOMA-IR (Fig. 6B). The results of GTT and
ITT (Figs. 4 and 5) showed no statistical difference among the groups.
However, there is a trend of improvement in insulin resistance in the
groups fed with FJP, especially for the group HFJ1%, comparing ITT re-
sults before and after consumption of FJP.Fig. 4. Results of intraperitoneal glucose tolerance test (GTT) and insulin tolerance test (ITT
levels at 0, 30, 60, 90 and 120 min after intraperitoneal infusion of glucose solution. B) Mea
and 30 min after intraperitoneal infusion of insulin. D) Mean values of KITT and standard e
high-fat diet; HFJ1%: group fed with HF diet added with 1% FJP; HFJ2%: group fed with H
presented as mean±SE. Data were statistically analyzed using ANOVA. Statistical differenc
from the control group and * indicates statistical difference from the HF group.Serum levels of insulin were signiﬁcantly lower in groups that re-
ceived FJP, when compared to HF (Fig. 6A), showing that FJP was ef-
ﬁcient in reducing hyperinsulinemia in these animals. Corroborating
the results of insulin, HOMA-IR was signiﬁcantly lower in groups
fed with FJP when compared to HF, indicating improvement in insulin
resistance (Fig. 6B).
4. Discussion
Several studies have evaluated the effects of supplementation of
high-fat diet with puriﬁed anthocyanins and fruits rich with these com-
pounds on the development of obesity. Studies demonstrated that the
supplementation of high-fat diets with cyanidin-3-O-glucoside (C3G)
extracted from different sources promoted reduction in weight gain in
mice (Jayaprakasam, Olson, Schutzki, Tai, & Nair, 2006; Prior et al.,
2008; Tsuda et al., 2003). However, the consumption of freeze-dried
foods as a source of anthocyanins added to high-fat diet has not shown
effects on weight gain and body fat in animal models (DeFuria et al.,
2009; Prior et al., 2010b).
In our study, the supplementation of the dietswith FJP did not result
in signiﬁcant changes in weight gain, organ weight and body composi-
tion. However, some reports have described that puriﬁed anthocyanins
could play a role on the reduction of weight gain andmetabolic changes
in obese animals (Prior et al., 2010a; Takikawa, Inoue, Horio, & Tsuda,
2010). However, the data published so far revealed that dietary supple-
mentation with fruits rich in anthocyanins had minor effects in body
weight reduction compared to puriﬁed anthocyanins. Some authors ex-
plain that this is due to other compounds, which could slow or impede
the absorption of anthocyanins in whole fruits (Prior et al., 2010a).
Metabolic complications resulting from obesity are a matter of con-
cern (Kwon et al., 2007). The serum lipid proﬁle is an important meta-
bolic variable altered in obesity. High levels of total cholesterol, LDL-) before supplementation with freeze-dried jaboticaba peel. A) Mean of blood glucose
n area under the curve and standard error. C) Mean blood glucose at 0, 5, 10, 15, 20, 25
rror (curve slope in %min−1). Control: group fed with control diet; HF: group fed with
F diet added with 2% FJP; HFJ4%: group fed with HF diet added with 4% FJP. Data are
es (Tukey's test (Pb0.05)) are represented by # or *. # indicates statistical difference
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sociatedwith higher incidence of cardiovascular diseases, as atheroscle-
rosis, and diabetes (Bastard et al., 2006; Sasaki et al., 2007).
Although there is no consensus, atherosclerosis could be strongly
linked to hyperlipidemia (Libby, 2002). There is evidence that oxida-
tive damage plays an important role in atherosclerotic development,
which has motivated the search for antioxidants, like anthocyanins,
that could minimize this process (Rouanet et al., 2010).
The HDL-cholesterol is strongly related to the prevention of cardio-
vascular disease (Bastard et al., 2006; Sasaki et al., 2007). Kwon et al.
(2007) reported an increase of 28% in HDL-cholesterol and a reduction
of 45 and 26% of triglycerides and cholesterol, respectively, in rats fed
with high-fat diet plus anthocyanins (C3G) extracted from black soya,
compared with the control group. In the group fed high-fat diet plus
freeze-dried black soya, reductions of 23 and 20% in triglycerides and
cholesterol, respectively, and an increase of 37% in HDL-cholesterol,
were observed. Similar results were reported by Rodrigues et al. (2003)
using rutin added to a normolipidic rat's diet. The animals that received
the supplementation did not showchanges in blood glucose, triglycerides
and total cholesterol; however, a signiﬁcant increase in HDL-cholesterol
was observed. The authors attributed the increase in HDL-cholesterol to
the antioxidant effect of rutin, which increased the levels of superoxide
dismutase and reduced lipid peroxidation and, possibly, the oxidation
of LDL-cholesterol. HDL-cholesterol plays an opposite role compared to
LDL‐cholesterol, carrying blood cholesterol to the liver,where it ismetab-
olized and excreted (Pena, Melgarejo, & Mendes, 1999).
Our results show an increase of 41.65% in HDL-cholesterol in ani-
mals fed with 2% freeze-dried peel jaboticaba in relation to the HF
group. Similar trends were also found in the group fed with 4% FJP.
As there was no reduction in circulating levels of total cholesterol,Fig. 5. Results of intraperitoneal glucose tolerance test (GTT) and insulin tolerance test (IT
levels at 0, 30, 60, 90 and 120 min after intraperitoneal infusion of glucose solution. B) Me
25 and 30 min after intraperitoneal infusion of insulin. D) Mean values of KITT and standa
with high-fat diet; HFJ1%: group fed with HF diet added with 1% FJP; HFJ2%: group fed wi
are presented as mean±SE. Data were statistically analyzed using ANOVA. Statistical differe
from the control group and * indicates statistical difference from the HF group.we speculate that this increase in HDL-cholesterol could be due to de-
creased levels of LDL-cholesterol. Thus, it is suggested that the con-
sumption of the diet added with FJP had a protective effect against
cardiovascular disease by means of increased HDL-cholesterol levels.
Notable emphasis has been given to the role of hormones produced
in adipose tissue in obesity and insulin resistance. Ghrelin, an orexigenic
hormone, is a key adipokine in obesity. Animalmodel studies suggested
that this hormone plays an important role on hypothalamic signaling of
food intake, energy balance and modulation on postprandial levels of
ghrelin (Erdmann, Töpsch, Lippl, Gussmann, & Schusdziarra, 2004;
Nakazato et al., 2001). Our results showed that the high concentration
of fat in the diet was responsible for the reduction on serum ghrelin in
experimental animals.
Circulating levels of adiponectin correlate negatively with body
mass index (BMI), which is high in obese individuals (Lago, Gómez,
Gómez-Reino, Dieguez, & Gualillo, 2010). The metabolic effects of
this adipokine include increased insulin sensitivity, increased glucose
uptake, fatty acid oxidation in skeletal muscle, and anti-inﬂammatory
and anti-atherogenic effects (Lago et al., 2010; Vázquez-Vela, Torres,
& Tovar, 2008). As expected, the animals that received high-fat diet
showed reduced levels of this hormone compared to control animals,
although the analysis of chemical composition did not show fat accu-
mulation on the carcasses of the animals receiving high-fat diet. In
addition, low levels of this adipokine could suggest a higher tendency
to insulin resistance (Vázquez-Vela et al., 2008).
Several animal studies have shown that the supplementation of
high-fat diet with puriﬁed anthocyanins, especially C3G, could promote
a decrease in insulin circulating levels, which is an anabolic hormone in-
volved in the genesis of diabetes, and leptin, that is a hormone impor-
tant in appetite regulation and signaling (Jayaprakasam et al., 2006;T) after supplementation with freeze-dried jaboticaba peel. A) Mean of blood glucose
an area under the curve and standard error. C) Mean blood glucose at 0, 5, 10, 15, 20,
rd error (curve slope in %min−1). Control: group fed with control diet; HF: group fed
th HF diet added with 2% FJP; HFJ4%: group fed with HF diet added with 4% FJP. Data
nces (Tukey's test (Pb0.05)) are represented by # or *. # indicates statistical difference
Fig. 6. Insulin serum concentrations (A) and HOMA-IR index (B) after 10 weeks of ex-
periment. Control: group fed with control diet; HF: group fed with high-fat diet; HFJ1%:
group fed with HF diet added with 1% FJP; HFJ2%: group fed with HF diet added with 2%
FJP; HFJ4%: group fed with HF diet added with 4% FJP. Data are presented as mean±SE.
Data were statistically analyzed using ANOVA. Statistical differences (Tukey's test
(Pb0.05)) are represented by # or *. # indicates statistical difference from the control
group and * indicates statistical difference from the HF group.
159S.A. Lenquiste et al. / Food Research International 49 (2012) 153–160Prior et al., 2010a; Tsuda et al., 2003; Xu et al., 2005). In our study, those
effects were detected for insulin, but not for leptin. The consumption of
1, 2 and 4% FJP reduced serum insulin of the experimental animals. In
addition, these animals showed lower values of HOMA-IR, indicating
improvement in insulin resistance induced by HF diet. These results in-
dicated great potential for FJP as a functional ingredient, source of an-
thocyanins, able to improve insulin resistance and prevent the
development of type 2 diabetes mellitus.
Takikawa et al. (2010) suggested that a decrease in serum glucose
and increase in insulin sensitivity occurred through activation of AMP-
activated protein kinase in white adipose tissue, skeletal muscle and
liver of animals. According to the authors, the activation of AMP kinase
was accompanied by a decrease in glucose transporter in white adipose
tissue and skeletal muscle, suppression of hepatic glucose production
and lower lipid deposition in this organ.
In another way, other studies have evaluated the effects of high-fat
diet supplemented with freeze-dried foods as a source of anthocyanins
on the development of IR and diabetes using differentmethods (insulin
and glucose homeostasis, glucose tolerance test (GTT), and HOMA-IR)
and showed no positive effects on these parameters (Prior et al., 2008;
Prior et al., 2010b).
Our results showed that the addition of FJP did not promote signiﬁ-
cant differences on serum glucose, glucose tolerance test (GTT) and in-
sulin tolerance test (ITT). However, observing the results of GTT beforeconsumption of FJP and after the experiment period, it can be noted that
all groups had lower glucose tolerance evidenced by higher values of
area under the curve in the second test. This was an expected result,
due to physiological changes that occur in aging of the animals. Al-
though, observing the ITT it seems that the control and HFJ1% groups
showed the same trend on the glucose curve rate, while the other
groups showed a slower decay of the glucose curve. Therefore, it is
suggested that supplementation with 1% FJP could improve the levels
of postprandial glucose by insulinemic homeostasis regulation.
We conclude that the consumption of 1, 2 and 4% freeze-dried jabo-
ticaba peel was able to reduce the hyperinsulinemia in animals fed HF
diet, thus reverting the development of IR. In addition, the concentra-
tion of 2% FJP elevated the serum levels of HDL-cholesterol, showing
an important cardioprotective effect. However, there were no positive
effects on weight gain and body composition in the animals. Further
studies are needed to elucidate the mechanisms of action of anthocya-
nins from the peel of jaboticaba on the parameters evaluated.Acknowledgments
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